INTRODUCTION
Copper (Cu) is an important trace and essential element for the all organisms, because has a great positive role in physiological and regulatory processes However, in this field there is still a lack of information about the influence of BSA as a culture medium component on the general spermatozoa viability. Therefore, the target of this in vitro study was to investigate the dose-and timedependent effects of copper (CuSO4.5H2O) in different culture media on the spermatozoa motility parameters and to provide additional information on the interaction between serum albumin and copper ions.
MATERIAL AND METHODS

Biological material
Bovine semen samples (n = 58) were obtained from 6 adult breeding bulls (Slovak Biological Services, Nitra, Slovak Republic). The samples had to accomplish the basic quality criteria given for the corresponding breed. Results are shown in the Table 1. The semen was obtained on a regular collection schedule using an artificial vagina. After collecting the samples, they were stored in the laboratory at room temperature (22-25 °C) . Each semen sample was diluted in physiological saline solution (PS) (sodium chloride 0.9 % w/v, Bieffe Medital, Grosotto, Italia), using a dilution ratio of 1:40, depending on the original spermatozoa concentration.
The target of this in vitro study was to investigate the dose-and time-dependent effects of copper (CuSO4.5H2O) in different culture media on the spermatozoa motility and to provide additional information on the interaction between serum albumin and copper ions. The spermatozoa motility was determined after exposure of CuSO4. 5H2O (3.90; 7.80; 15.60; 31.20; 62.50; 125; 250; 500; 1000 µmol.dm -3 ) using the SpermVision TM CASA system (Computer Assisted Semen Analyzer) during different time periods (Time 0 h, 1 h, 2 h, 24 h). The initial percentage of motility spermatozoa in the presence CuSO4.5H2O in physiological saline solution (PS) showed significantly (P<0.001) decreased values at high concentrations ≥ 250 µmol.dm -3 of CuSO4.5H2O. The low concentrations (≤ 7.80 µmol.dm -3 of CuSO4.5H2O) maintained of spermatozoa motility (Time 2 h). The long-term cultivation significantly (P<0.001) reduced the average motility values in all experimental groups compared to the control group (medium without CuSO4.5H2O). The commercial medium (CM) containing triladyl, egg yolk and redistilled water increased the overall percentage of spermatozoa motility after exposure of high doses of CuSO4.5H2O, but only during short-time periods. The culture medium in composition of 20.0 % bovine serum albumin (BSA), triladyl, 5.0 % glucose and redistilled water maintained the spermatozoa motility in all experimental groups (Time 0 h, 1 h). Evaluation of the overall percentage of spermatozoa motility showed significant (P<0.001) decrease at high concentrations ≥ 500 µmol.dm -3 of CuSO4.5H2O after 2 h and after 24 h of cultivation when exposed to doses ≥ 125 µmol.dm -3 of CuSO4.5H2O. The obtained data point out that copper at high doses acts as toxic element on the spermatozoa motility parameters. However, using a suitable culture medium containing an energy component-and protein-rich substrate, the spermatozoa motility could increase. 
In vitro exposure
Semen samples (i.e cell sediment and seminal plasma fraction) were cultivated in different culture media (Table 2 ) with various concentrations of copper (group I -3.90; H -7.80; G -15.60; F -31.20; E -62.50 ; D -125; C -250; B -500; A -1000 µmol.dm -3 ), in the form of copper sulphate (CuSO4.5H2O; Sigma-Aldrich, St. Louis, USA). Spermatozoa with CuSO4.5H2O were incubated in the laboratory at room temperature (22-25°C) during different time periods (Time 0 h, 1 h, 2 h and 24 h). We compared the control (Ctrl) group (medium without CuSO4.5H2O) with the experimental groups (exposed to different concentrations of CuSO4.5H2O). Evaluation of spermatozoa motility exposed of copper in CM culture medium
The commercial medium increased the overall percentage of spermatozoa motility after exposure of high doses of CuSO4.5H2O, but only during short-time periods (Figure 2 ). The percentage of motile spermatozoa decreased slowly after 2 h of cultivation at the concentrations ≥ 125 µmol.dm -3 of CuSO4.5H2O (P>0.05). The lowest average motility values were detected after 24 h. The progressive spermatozoa motility showed similar results as for MOT (%) during all time periods (Table 6 ). Evaluation of the velocity average path (VAP) showed decrease of selected parameter (Time 2 h) at the concentrations 500 µmol.dm -3 (P<0.05) a 1000 (P<0.001) µmol.dm -3 of CuSO4.5H2O. In this time, the highest spermatozoa motility was recorded (P<0.05) in the group I (62.28 ± 6.01 %) ( Table 7) . Other dates were not significant in comparison with the control group. Similar results were detected also for the parameter of distance average path (DAP) ( Table 8 ).
Figure 2 Spermatozoa motility (MOT; %) exposed to copper (CuSO4.5H2O) in CM culture medium during different time periods.
Legend: This study was performed in four replicates at each concentration (n = 8). The control group received a culture medium without CuSO4.5H2O administration. Group A -1000 µmol.dm -3 ; group B -500 µmol.dm -3 ; group C -250 µmol. Evaluation of spermatozoa motility exposed of copper in BSA culture medium
The culture medium BSA maintained the overall percentage of spermatozoa motility in all experimental groups during short-term periods (Time 0 h, 1 h). Evaluation of the percentage of motile spermatozoa showed significant (P<0.001) decrease at high concentrations ≥ 500 µmol.dm -3 of CuSO4.5H2O after 2 h and after 24 h of cultivation when exposed to doses ≥ 125 µmol.dm -3 of CuSO4.5H2O, in comparison to control group. The other experimental groups stimulated of selected parameter (Figure 3 ).Similar spermatozoa motility was detected for the percentage of progressively motile spermatozoa during all time periods, too ( Table 9 ). The lowest concentrations (≤ 7.80 µmol.dm -3 of CuSO4.5H2O) significantly (P<0.001) increased the average motility values (Time 2 h).A significant (P<0.001) decrease of progressive motility at the concentrations ≥ 125 µmol.dm -3 of CuSO4.5H2O was detected during the longterm cultivation (Time 24 h). However, the experimental administration at the doses ≤ 15.60 µmol.dm -3 of CuSO4.5H2O stimulated (P<0.001) the overall of progressive motile spermatozoa. Parameter of velocity average path revealed that concentrations ≤ 62.50 µmol.dm -3 of CuSO4.5H2O act stimulating on spermatozoa motility during all time periods (Table 10) . Evaluation of distance average path showed similar results as for VAP (Table 11 ). Observed data from their study demonstrated negative influence of CuSO4.5H2O on semen motility and subsequently confirmed changes in male reproductive functions. Our experiment indicates similar results and also confirms that copper (in the form of CuSO4.5H2O in PS culture medium) is a toxic element on spermatozoa motility at high doses. However, the low concentrations (≤7.80 μmol.dm -3 of CuSO4.5H2O) have a positive effect on spermatozoa motility parameters during the short-term in vitro cultivation. Robrelo et al. (1996) observed the effect of Cu 2+ on the motility, viability, acrosome reaction and fertilization capacity of human spermatozoa in vitro. Motility, viability and acrosome reaction in spermatozoa incubated for 5 h were significantly affected by Cu 2+ at a concentration of 100 µg.mL -1 , but not at lower concentrations. Incubation for 24 h did not affect the motility and viability of spermatozoa incubated in the presence of Cu 2+ ranging from 10 ng.mL -1 to 10 µg.mL The commercial medium containing triladyl, egg yolk and redistilled water increased the overall percentage of spermatozoa motility after exposure of high doses of CuSO4.5H2O, but only during short-time periods. This observation could be explained by an originally low concentration of energetic and protein substrate in the medium. Egg yolk is relatively unstable for extended periods of time because of high content of fatty acids sensitive to degradation. Therefore, it seems that removal of chicken egg yolk from semen diluents produces several advantages, such as improvement of consistency in the components of semen diluents and elimination of various pathogens (Matsuoka et al., 2006; MullerSchlosser et al., 1995). BSA could be a good protein alternative because of its stability, good amino acid profile andprotective functions. There are several authors who had been studying the possible effects of BSA on the spermatozoa viability of different animal species (Bakst and Cecil, 1992) . In the present study we evaluated the spermatozoa motility in the presence of CuSO4.5H2O with culture medium addition in composition of 20.0 % BSA, triladyl and 5.0 % glucose. This culture medium increased the bovine spermatozoa motility during the short-term of cultivation (Time 0 h, 1 h) in spite of the presence of high doses CuSO4.5H2O. This observation could be explained binding of copper ions to albumin, which confirms previous experimental studies ( Bradshaw et al., 1968; Masuoka and Saltman, 1994 (1986) confirmed that BSA increases of equine the spermatozoa motility. It is likely that higher values of bovine spermatozoa motility characteristics obtained in our study may be at attributed to the stimulating effect of BSA. Equally, Bakst and Cecil (1992) reported the possible effects of BSA on the turkey spermatozoa viability. Similar observations have been recorded with spermatozoa of different animal species (Harrison et al., 1978; 1983 ). An appropriate energy substrate (Knazicka et al., 2010) , protein supply, as well as optimal laboratory conditions are important factors for a successful in vitro spermatozoa motility and viability (Tvrda et al., 2010) .There are still questions about the optimal BSA concentration for spermatozoa cultivation, since high concentrations of any substance may be toxic (Tvrda et al., 2010) . The aim of the investigation of Serniene et al. (2001) was to study the effect on semen quality caused by the addition of BSA to boar semen and to determine the optimal dose of the BSA. The analysis revealed that addition of BSA, spermatozoa storage time and their interaction had significant effect only on the agglutination rate. In their conclusion addition of 0.5 g BSA to the insemination dose significantly decreased the agglutination rate of spermatozoa and did not significantly affect the motility, vigor rate and a number of viable/non damaged spermatozoa per ejaculation. El-Kon (2011) 
CONCLUSION
The obtained data from this in vitro study confirm the dose-and time-dependent effect of copper on the spermatozoa motility parameters in the presence of different culture media. Our results point out that copper at high concentrations acts as toxic element on the spermatozoa motility. However, using a suitable culture medium containing an energy component-and protein-rich substrate, the spermatozoa motility could increase. The results confirm the protective effect of albumin binding to the copper ions. Findings of the present study demonstrated the importance metal-protein interactions.
